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Experimental Methods and Equipment for Diffusion 
Measurements of Radioactive Rare-Gases in Solids 
(Rare-Gas Diffusion in Solids 7*) 
Summary 
A literature survey is given on the methods and equipment used 
for the measurement of release of radioactive rare-gases in solids, 
with a discussion of advantages or disadvantages. Continuous 
methods with sweepgas or circulation and various discontinuous 
methods are discussed and apparatus used for Hahn emanation-, 
DAD- or PAD-experiments are described. In addition references 
are given concerning sampling purifying and measuring of radio-
active rare-gases as well as materials to be used for measuring 
rare-gas diffusion at high temperatures in oxygen sensible systems. 
Introduction 
The r e su l t s of diffusion studies in solids a r e often influenced by surface 
reac t ions of the spec imens and mis leading conclusions concerning the 
diffusion coefficients may re su l t . This fact has beeri s t r e s s e d by o the r s , 
e . g . by Gray [7 ] for the work on uran ium me ta l . Other sou rces of e r r o r 
in diffusion exper iments with radioact ive r a r e - g a s e s a r e numerous . 
In connection with the work of our group [ 1 -6 ] on r a r e - g a s diffusion in 
sol ids , a grea t deal of effort has been exer ted in designing suitable 
appara tus and techniques . This r epo r t de sc r ibes some of the equipment 
used and has been extended to a review of some exper imenta l techniques 
used e l sewhere for diffusion studies of radioact ive r a r e - g a s e s . 
In the following the abbreviat ion PAD is used for pos t -ac t ivat ion diffu-
sion and DAD for dum-act ivat ion diffusion or in-pi le m e a s u r e m e n t s 
(cf. [ 5 ] ) . 
This work was c a r r i e d out under the EURATOM r e s e a r c h and development 
contract Nr . 064-61-8 RDD. 
* Earlier publications cf. references 1-6 
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ι CONTINUOUS METHODS 
The a d v a n t a g e of a c o n t i n u o u s m e t h o d i s t ha t a f a s t r e l e a s e of f i s s i o n 
g a s e s m a y be r e c o r d e d and t h e k i n e t i c s m a y in this way be s tudied. The 
m a i n d r a w b a c k wi th a s w e e p g a s m e t h o d i s c o n n e c t e d wi th the d i f f icul t ies 
in p r o d u c i n g a p u r e enough g a s , a s even c a r e f u l l y t r e a t e d g a s .can c o r r o ­
de a s a m p l e in a s h o r t t i m e . In o r d e r to avo id t h e d i f f i cu l t i e s of p u r i f y ­
ing the con t inuous feed of i n c o m i n g s w e e p g a s , a f o r c e d c i r c u l a t i o n 
m e t h o d m a y be u s e d . T h e r e b y t h e p u r i f i e d c a r r i e r g a s i s p u m p e d b a c k 
to the s p e c i m e n and the a c c u m u l a t e d a c t i v i t y i s r e c o r d e d . 
1. 1 Sweep g a s m e t h o d 
A p r i n c i p l e l a y - o u t of the a p p a r a t u s i s g iven in F i g u r e l a . H e l i u m i s 
p r e f e r r e d a s s w e e p g a s a s i t f a c i l i t a t e s t h e r e m o v a l of k r y p t o n and 
xenon with the a id of coo led c h a r c o a l t r a p s . T h e h e l i u m p a s s e s a p u r i f i ­
ca t ion s y s t e m to r e m o v e c o r r o d i n g i m p u r i t i e s and e n t e r s the f u r n a c e 
with the s p e c i m e n f r o m w h e r e t h e r e l e a s e d g a s e s a r e c a r r i e d through 
a s e c o n d p u r i f i c a t i o n s y s t e m in o r d e r to r e m o v e a l l c o m p o n e n t s s a v e 
r c t r e - g a s e s . The s t r e a m t h e n p a s s e s a m o n i t o r i n g and m e a s u r i n g d e v i c e 
w h e r e the r a d i o a c t i v i t y i s c o n t i n u o u s l y r e c o r d e d . F o r d e t a i l e d a n a l y s i s , 
gas s a m p l e s a r e c o l l e c t e d for s u b s e q u e n t m e a s u r e m e n t . 
A s w e e p giis m e t h o d m a y be u s e d for Hahn e m a n a t i o n a s w e l l a s for 
DAD and PAD e x p e r i m e n t s ; t he e q u i p m e n t u s e d i s in p r i n c i p l e the s a m e 
a s d e s c r i b e d in F i g u r e l a . 
1 . 1 . 1 Hahn e m a n a t i o n t e c h n i q u e s 
S i m p l e s w e e p gas a p p a r a t u s u s e d for m e a s u r i n g the e m a n a t i n g p o w e r 
w e r e e a r l y deve loped [8 ] . M o r e s o p h i s t i c a t e d d e s i g n s inc lud ing a u t o ­
m a t i c r e g i s t r a t i o n of t e m p e r a t u r e and r a t e of r e l e a s e h a v e b e e n d e s c r i ­
bed in g r e a t d e t a i l by Z i m e n [ 9 , 1 0 ] , and F i g u r e 2 shows a t y p i c a l s e t u p . 
A s the m e a s u r e d g a s in these, e x p e r i m e n t s w a s an a lpha e m i t t e r , e l e c t r o ­
m e t e r s w e r e s u i t a b l e d e t e c t o r s and w e r e a l s o d e v e l o p e d to a h igh s t a t e 
of p e r f e c t i o n . G r e g o r y [ 1 1 , 12] l a t e r d e s c r i b e d a s i m i l a r flow s y s t e m 
for m e a s u r i n g t h o r o n e m a n a t i o n f r o m -180 C to 1650 C. B e v a n [13] 
- 7 -
used a scinti l lat ion counter instead of an e l ec t rome te r and Skladzien 
[14] developed a cyl indr ical geomet ry propor t ional spec t rome te r for 
the counting. 
1 .1.2 DAD exper iments 
The f i r s t detai led descr ip t ion of a dum-act iva t ion appara tus i s given 
by Markowitz [15]. La te r a number of in-p i le exper iments w e r e pe r fo r -
med in Harwel l by Stubbs, Walton and c o - w o r k e r s [16-21] , The t e c h -
nique used is nea r ly ident ical in all the exper imen t s [16, 17,22] and 
p e r m i t s m e a s u r e m e n t of r a r e - g a s r e l e a s e up to 1000 C. The upper 
t e m p e r a t u r e l imi t is due to the fact that the specimen is contained in 
a quar tz tube which i s e lec t r i ca l ly heated. By using c e r a m i c m a t e r i a l , 
h igher t e m p e r a t u r e s could be reached if the safety of the r e a c t o r so 
p e r m i t s . Deta i l s of the appara tus used, especia l ly of the specimen 
capsule design a r e given in ref. [17, 22] , 
Stubbs and Walton have invest igated the influence of the sweep gas 
veloci ty on the composit ion of the radioact ive gas reaching the counting 
chamber . If the velocity of the gas i s so adjusted that the f iss ion gases 
reach the de tec tor in the o rde r of minu tes , a number of nucl ides .with 
shor t ha l f - l ives a r e r e g i s t e r e d . The resul t ing gamma spec t rum con-
s i s t s l a rge ly of super imposed peaks and is f u r t h e r m o r e too complicated 
to be analyzed. If the gas veloci ty i s lowered until the radioact ive gases 
take hours to r each the de tec to r , the shor t - l ived isotopes have decayed 
away, leaving the gamma peaks f rom Xe-133 , Xe-135 and K r - 8 5 m to 
be r e g i s t e r e d . 
A s imi l a r technique has recent ly been used in Oak Ridge by Car ro l l 
and Baumann [23], F i g u r e 3. With a suitably designed charcoal t r a p 
krypton has a hold-up t ime of five minutes while xenon is delayed for 
two h o u r s . This enables krypton to be m e a s u r e d separa te ly until xenon 
b reaks through. However, they a lso found that solid daughters of 
krypton and xenon contaminate the wal ls of the counting chamber , 
amounting to about one thi rd of the total act ivi ty. 
As dist inguished from the heating technique previously desc r ibed , the 
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uran ium specimens invest igated contained f iss i le m a t e r i a l in such a 
quantity that they were heated by thei r own fission heat . However , in 
this case only thin specimens may be used if diffusion coefficients a r e 
to be measu red , a s o therwise too high a t e m p e r a t u r e difference between 
the surface and the cen t re of the specimen makes a calculation of 
diffusion coefficients imposs ib le . 
The difficulties of de termining the shor t - l ived fission gases have been 
overcome by measur ing the i r daughter products [17] which, as mentioned 
above, tend to contaminate the gas l ine . The technique has been thorough-
ly investigated by Townley et a l . [24] and is desc r ibed l a t e r (see 2 . 1 . 1 
and 3. 1). The fission products r e l ea sed from defective fuel e lements 
during their u se in a r eac to r have been de te rmined using sweep gas . 
As such invest igat ions do not pe rmi t a calculation of diffusion coef-
f ic ients , the technique used is not covered h e r e . The r e g i s t e r e d radioac-
tivity or ig ina tes from a number of nucl ides with short and long half- l i fe , 
and good r e s u l t s a r e hard to get even with the best g a m m a - s p e c t r o m e t e r . 
1 .1.3 PAD exper iments 
Flow sys tems using he l ium and ni t rogen as sweep gases have been 
used for some t ime [25]. Cubiciotti [26] has thoroughly desc r ibed an 
argon flow sys tem in which the specimen is heated in a furnace and the 
evolved radioact ive fission gases a r e c a r r i e d through a t r a in of t r a p s 
in o rde r to remove all nucl ides save the r a r e - g a s e s . The radioact ivi ty 
was m e a s u r e d with an ionization chamber . The amount of r a r e - g a s e s 
left in the specimen after heating in argon was de te rmined by burning 
it in oxygen. A s imi la r sys tem using argon is desc r ibed by Bates and 
Clark [27]. 
An appara tus used at the Ba.ttelle Memoria l Insti tute for continuous 
m e a s u r e m e n t of the cumulative amount of fission r a r e - g a s e s i s d e -
scr ibed by Rosenberg et a l . [28], F igure 4. The sweep gas p a s s e s 
through a charcoal t r ap within a scinti l lation c rys ta l where the r ad io -
active xenon is absorbed and continuously recorded together with the 
t empera tu re of the spec imen. 
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A s i m i l a r t e c h n i q u e i s u s e d by B a r n e s and S u n d e r m a n [29 ] , F i g u r e 5. 
In t h i s c a s e the h e l i u m u s e d i s f i r s t c o n t i n u o u s l y a n a l y z e d b e f o r e 
e n t e r i n g t h e f u r n a c e , and t h e r a d i o a c t i v i t y of t h e g a s i s t h u s cont inuous ly 
r e c o r d e d t o g e t h e r wi th f u r n a c e t e m p e r a t u r e , h e l i u m flow r a t e and 
p r e s s u r e , and oxygen and m o i s t u r e c o n c e n t r a t i o n s . T h e a c c u m u l a t e d 
a m o u n t of f i s s i o n g a s i s a l s o m e a s u r e d , a s t h e s w e e p g a s p a s s e s 
c h a r c o a l t r a p s coo led wi th l iqu id n i t r o g e n . T h e s u c c e s s f u l u s e of a n 
a p p a r a t u s of s i m i l a r d e s i g n i s r e p o r t e d by B e r r y and D a r r a s [30] and 
by P a r k e r and c o - w o r k e r s [153 ] . 
1.2 F o r c e d c i r c u l a t i o n m e t h o d 
The m a i n c o m p o n e n t s of a f o r c e d c i r c u l a t i o n s y s t e m a r e shown in 
F i g u r e l b . a d e t a i l e d e x a m p l e i s shown in F i g u r e 6. T h e m e t h o d h a s 
been u s e d [ 3 1 , 3 2 ] , though d i f f i cu l t i e s s e e m to be c o n n e c t e d wi th t h e 
p u m p , wh ich h a s to be c o m p l e t e l y l e a k t igh t ( s e e 3 . 5). N o r m a l l y t h e 
a c c u m u l a t e d a c t i v i t y i s r e c o r d e d , bu t a l s o r a t e s of r e l e a s e m a y be 
o b s e r v e d . In the l a t t e r c a s e , t he s y s t e m i s p r e f e r a b l y f i l l ed wi th he l ium, 
and the evolved r a d i o a c t i v e g a s e s c o n t i n u o u s l y r e m o v e d wi th a coo led 
c h a r c o a l t r a p b e f o r e the g a s s t r e a m r e t u r n s to the s p e c i m e n . 
1.3 N a t u r a l c i r c u l a t i o n m e t h o d 
In the c a s e of r e l a t i v e l y s low dif fus ion p r o c e s s e s the r e l e a s e d r a d i o -
a c t i v e g a s e s h a v e p l en ty of t i m e to s p r e a d even ly to a l l p a r t s of a c l o s e d 
s y s t e m , and the m e t h o d can be r e g a r d e d a s r e l i a b l e and r e q u i r e s only 
s i m p l e a p p a r a t u s . R e y n o l d s [3 3] u s e d an e v a c u a t e d c l o s e d s y s t e m for 
the p o s t i r r a d i a t i o n h e a t i n g of u r a n i u m m e t a l . T h e evo lved K r - 8 5 w a s 
m e a s u r e d with a doub le wa l l ed GM c o u n t e r wh ich w a s a t t a c h e d to the 
s y s t e m . T h e a c t i v i t y w a s c o n t i n u o u s l y r e c o r d e d and a s s u m e d to be 
p r o p o r t i o n a l to the f r ac t ion of the to t a l k r y p t o n l e a v i n g the s a m p l e . 
T h e m e t h o d h a s a l s o been u s e d by F e l i x [34] to s tudy s low r e l e a s e of 
f i s s i o n g a s e s o v e r l o n g e r p e r i o d s of t i m e . T h e h e a t e d p a r t of the s y s t e m , 
a s w e l l a s a l l c o n n e c t i n g t u b e s , h a s a s m a l l v o l u m e and the m a i n v o l u m e 
c o n s i s t s of a count ing c h a m b e r wh ich i s l o c a t e d a t such a d i s t a n c e f r o m 
- 10 -
the radioact ive specimen that the background activi ty i s low. 
2 DISCONTINUOUS METHODS 
Many of the appara tus descr ibed above for continuous r eg i s t r a t ion of 
the re leased fission gas may be used for discontinuous m e a s u r e m e n t s . 
One is forced to m e a s u r e di s continuously as soon as the r e l eased gases 
consist of a mix ture of many radioact ive spec ies . Sampling and ana ly -
sis of the gas is thus n e c e s s a r y , and specially designed appara tus a r e 
prefera.ble in many c a s e s . 
2. 1 Sweep gas method with discontinuous sampling 
2. 1. 1 DAD exper iments 
Sweep gas methods with discontinuous sampling applied to Xe-133 
have been used [35] but the appara tus is the same a s desc r ibed 1. 1.2 . 
The discontinuous sampling is in this case a complement to the con-
tinuous m e a s u r e m e n t and may possibly also be needed if the r e g i s t e r e d 
gamma spec t rum is complicated. At Harwel l [36] this p rocedure has 
often been needed; gas collected in the counting chamber (see 1. 1.2) 
was sampled and m e a s u r e d from t ime to t ime , thus making an a n a -
lys is of the gamma spec t rum poss ib le . 
Inves t igators at Battel le Memor ia l Insti tute [24] have de te rmined the 
re leased r a r e - g a s e s with short ha l f - l ives using an in-p i le loop, 
F igu re 7. Sweep hel ium p a s s e s the sample and en te r s a t r ap filled 
with s tee l -wool . The mean pass ing t ime for the gas through the t r a p 
is 90-125 seconds and mos t of the Xe-140 (16 sec) and Xe-141 (1 . 7 sec) 
p resen t decays within the t r a p . The radioact ive daughters a r e absorbed 
on the s tee l -wool . After removal of the t r ap the daughters Ba-140 and 
Cc-141 a r e extracted by chemical t r e a tmen t and m e a s u r e d . Kr -89 
(3.2 min) and Xe-137 (3. 9 min) may also be de te rmined in this way. 
The method is usable , however , only if the daughters a r e not r e l eased 
direct ly from the fuel together with the r a r e - g a s e s , which does not 
apply at high fuel t e m p e r a t u r e s . 
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2 . 1 . 2 PAD exper iments 
A discontinuous appara tus for pos t i r rad ia t ion exper iments using 
helium as c a r r i e r gas i s desc r ibed by Booth and Rymer [37], F igu re 8. 
The specimen is placed in a furnace, through which the purified 
hel ium in o rde r to sweep out the evolved r a r e - g a s e s . The krypton 
and xenon a r e t rapped by means of act ivated charcoal cooled with 
liquid nitrogen„ During the exper iment the c a r r i e r gas a l t e rna t e s 
between two para l le l t r ap l ines for a per iod of 3 -to 6 h o u r s . The 
charcoal t r a p is fused off and placed in a fixed geomet ry over a 
spec t romete r c rys ta l for m e a s u r e m e n t of the act ivi ty . 
A s imi la r appara tus is used at the Oak Ridge National Labora to ry [38], 
F igu re 9. The hel ium sweep gas c a r r i e s the r a r e f ission gases into 
a t r a in of collection bulb containing act ivated charcoal at -190 C. 
Pa ra l l e l t r a i n s a r e incorpora ted in the sys tem so that up to 12 samples 
of fission gas may be collected from a single specimen. The bulbs 
a r e sealed off and krypton and xenon a r e m e a s u r e d by means of a 
gamma s p e c t r o m e t e r . 
2. 2 Closed sys tems with discontinuous sampling 
Heating a sample in a closed sys tem after i r r ad ia t ion and collection 
Of the r e l eased gases i s an often used and re l iab le method for the 
calculation of diffusion coefficients. 
The most s imple p rocedure is to heat the specimen in a closed tube 
in vacuum or indifferent a tmosphe re . After the heat t r ea tmen t the 
evolved r a r e gases a r e sucked into evacuated counting chamber s 
[3 , 40] and the radioact ivi ty i s m e a s u r e d . The tube with the specimen 
may also contain charcoa l , and after heating , this pa r t of the tube 
is cooled with liquid a i r and sealed off [35, 39]. By this method a 
maximum t e m p e r a t u r e of only 1100 C can be reached , and possibly 
l e s s than that considering the permeabi l i ty of quar tz g lass at high 
t e m p e r a t u r e s (see 3. 6). 
The following p rocedure s allow heating of the specimen under con-
trol led vacuum condit ions. F igu re 10 shows the annealing sys tem 
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by A u s k e r n and c o - w o r k e r s [41 | . In the. e ν a. cu a t ed , c l o s e d s y s t e m the 
s a m p l e i s l o w e r e d into the ho t z o n e . D u r i n g h e a t i n g t h e r e i s enough 
d e g a s s i n g of the f u r n a c e m a t e r i a l to r a i s e the p r e s s u r e to abou t 0. 5 t o r r . 
Af te r a n n e a l i n g the s a m p l e i s r a i s e d f r o m the ho t zone and t h e g a s e s 
o 
evolved a r e c o l l e c t e d on a c t i v a t e d c h a r c o a l a t -190 C. When the p re s su re 
of the s y s t e m i s low enough, the c h a r c o a l t r a p i s s e a l e d off and the 
s a m p l e m a y a g a i n be l o w e r e d in to the f u r n a c e for f u r t h e r h e a t t r e a t m e n t . 
A s i m i l a r p r o c e d u r e i s u s e d by S c h m e l i n g [42] , F i g u r e 1 1 . A d o u b l e -
wal led q u a r t z tube i s h e a t e d in a f u r n a c e in h igh v a c u u m . D u r i n g t h i s 
d e g a s s i n g p e r i o d the s p e c i m e n i s l o c a t e d a t p o s i t i o n 1 un t i l t h e q u a r t z 
i s c o m p l e t e l y b a k e d . T h e s p e c i m e n i s t hen p l a c e d in p o s i t i o n 2 in t h e 
ho t zone for a c e r t a i n p e r i o d of t i m e . Af t e r coo l ing , s p e c t r a l p u r e 
k r y p t o n and xenon i s a d d e d a s c a r r i e r ; t he l i ne i s c o n n e c t e d to a 
c h a r c o a l t r a p coo led wi th l iquid a i r , and the r a d i o a c t i v e g a s e s evo lved 
d u r i n g h e a t i n g a r e c o l l e c t e d . 
T h e p r o c e d u r e d e s c r i b e d p e r m i t s a c l e a n t r e a t m e n t of the s a m p l e . In 
o r d e r to c o m p l e t e l y avoid c o r r o d i n g in f luence of the g a s e s evo lved 
when h e a t i n g the f u r n a c e m a t e r i a l , a m e t h o d h a s b e e n d e v e l o p e d to 
h e a t the s a m p l e in h igh v a c u u m [42] to h igh t e m p e r a t u r e s . F i g u r e 12 
s h o w s the a r r a n g e m e n t . The s a m p l e i s p l a c e d in a cool p a r t of the 
s y s t e m d u r i n g the i n i t i a l d e g a s s i n g of the f u r n a c e m a t e r i a l and i s l a t e r 
b r o u g h t in to t h e hot z o n e . T h e f u r n a c e i s c o n n e c t e d to a h igh v a c u u m 
g l a s s p u m p v ia an a c t i v a t e d c h a r c o a l t r a p . The. evo lved g a s e s a r e 
c o n t i n u o u s l y p u m p e d in to the coo led t r a p w h e r e t hey a r e c o l l e c t e d . An 
e x t r a t r a p s i t u a t e d a f t e r t he h igh v a c u u m p u m p e n s u r e s q u a n t i t a t i v e 
c o l l e c t i o n of t h e - g a s e s evo lved , and i t h a s b e e n found t h a t t h i s s econd 
t r a p c o n t a i n s l e s s t han 1 % of t h e g a s e s c o l l e c t e d in the f i r s t o n e . T h e 
s a m p l e i s t h u s a n n e a l e d in h igh v a c u u m , and the a d d i t i o n of s m a l l 
a m o u n t s of s p e c t r a l p u r e r a r e g a s c a r r i e r f r o m t i m e to t i m e e n s u r e s 
a c o m p l e t e t r a n s f e r of the evo lved g a s e s . 
The m e t h o d of e v a c u a t i o n t h r o u g h an a c t i v a t e d c h a r c o a l t r a p h a s a l s o 
been u s e d by i n v e s t i g a t o r s a t Cha lk R i v e r [43] , w h e r e b y the t r a p i s 
c o n t i n u o u s l y m o n i t o r e d wi th a g a m m a - r a y - s p e c t r o m e t e r . 
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Other inves t iga to rs use Toepler pumps a s a collecting device or for 
in te rmi t ten t c i rcula t ion of the g a s e s . In the l a t t e r case they may easi ly 
be made to work automat ica l ly (see 3. 5). Toepler pumps a r e complety 
leak proof and therefore suitable for use in a closed sys t em. 
With an appara tus used at Bett is Plant [44], a capsule containing the 
i r r ad ia t ed spec imen may be remote ly punctured, and the gases a r e 
r e l ea sed into an evacuated sys t em. The gases a r e pumped t rough 
cooled charcoal t r a p s with the aid of a Toepler pump. Fe l ix [3] used 
a va lve less pump in o rde r to d i s t r ibu te the radioact ive gases evenly 
in the sys tem, a s shown in F i g u r e l c and F igu re 14. 
Other inves t iga tors [ 2 7 , 3 1 , 33, 46, 47] a lso r epo r t the beneficial use 
of a Toepler pump, a s exemplified by the a p p a r a t u s used by Walker 
[47], F igu re 13. Belle and c o - w o r k e r s [152] used a closed sys tem 
filled with he l ium, whereby a Toepler pump c i r cu la t e s the gas through 
charcoa ls t r a p s which were sealed off at va r ious t i m e s . 
2. 3 I r rad ia t ion capsule s tudies 
A technique to yield valuable information about the quality of a r e a c t o r 
fuel e lement i s the method to i r r a d i a t e capsu les . A specimen is i r r a d i -
ated in a closed capsule under s imulated r e a c t o r conditions and under 
r igorous a tmosphe re control . 
By puncturing the capsule the f ission gases r e l ea sed can be collected 
and m e a s u r e d . However, due to the t e m p e r a t u r e gradient in the sample 
and to the fact that a. sample allows just one single m e a s u r e m e n t of 
the quantity of gases r e l ea sed though knowledge of r e l e a s e a s a function 
of t ime i s de s i r ab l e , such s tudies a r e of l i t t le value for the calculat ion 
of diffusion coefficients. The re fo re , *his technique is not fully covered 
h e r e , but some in te res t ing studies may be mentioned. An excellent 
review is given by Pla.il [48]. Equipment used [48-54] and deta i ls of the 
pos t i r rad ia t ion examination [44, 51, 53, 55-57] a r e desc r ibed by many 
au tho r s . The pos t i r rad ia t ion examination can be extended to de te rmine 
not only the radioact ive f ission gases evolved but a lso the stable ones 
[55, 56, 58] . 
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3 AUXILIARY EQUIPMENT 
3. 1 Nenes on counting arid sampling techniques 
A review on the counting of r a r e gas act ivi ty is given by Momyer J r . 
[59] . Ear ly inves t iga tors desc r ibe the use of e l e c t r o m e t e r s [8-11 ,26] 
and GM tubes [25, 60] . With the development of the g a m m a - s c i n t i l -
l a t i ons - spec t rome te r this ins t rument is the one mos t frequently used 
today [1 5, '1 6, 23, 28, 29, 37, 61] and it may even be used for de te rmining 
short lived r a r e gases by measur ing thei r longer living daughters 
117,24] . 
A "pair production" spec t rome te r has been used by Stubbs et a l . [17] . 
The collection of r a r e - g a s e s on activated charcoal at low t empera tu res 
is a much us<-d method. Adams and Browning [62-66] have m e a s u r e d 
the hold-up of krypton and xenon by charcoal t r a p s and Cannon et a l . 
[67] repor t adsorption i s o t h e r m s for xi-non and cirgon. An excellent 
work is repor ted by P e t e r s and Weil [68], and a good review is given 
by Momyer J r . [59]·. The use of charcoal t r a p s for the separa t ion 
of xenon and krypton with subsequent m e a s u r e m e n t of only krypton is 
alscj possible. [23 I . The collected activi ty in a dry ice cooled t r ap may 
be measured continuously with a well scinti l lat ion c rys t a l [28] . 
In this case one has to consider the fact that the incoming r a r e - g a s 
may be; adsorbed in different p a r t s of the charcoal, column, thereby 
affecting the counting geomet ry [30, 1 50j , Mostly the t r a p s a r e 
a r ranged in a t ra in and individually sealed off and m e a s u r e d . The 
procedure p re fe r red in this l abora to ry is to t r ans fe r the gases from 
the t r a p into a s tandardized gas counting chamber which has a thin 
aluminium window. These chamber s may be s tored and m e a s u r e d by 
a GM-countei- or a scintil lation c rys ta l until the contents a r e a s s u r e d l y 
known. Samples of the gas may a lso be collected d i rec t ly without 
charcoal t r ap with the aid of a medica l syringe and evacuated seriam 
bott les a s s tandard counting chambers [69] . 
3 · ^ Determina.! ion of the total amount of ra.re- ga.s p resen t 
The de terminat ion of the total amount of r a r e - g a s p resen t in the 
specimen may be made by calculation or by using a suitable dos ime te r 
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to be i r r ad i a t ed together with the specimen.[28, 49, 70, 71] . The d e -
te rmina t ion of U-235 depletion and the ra t io of c e s i u m / u r a n i u m or 
p lu ton ium/uran ium [70] i s m o r e c u m b e r s o m e and is not needed in 
most c a s e s . 
Many inves t iga tors de t e rmine the total act ivi ty by dissolving the 
specimen in acid [ 4 4 , 4 1 , 72] or po tass ium pyrosulphate [30, 37, 73] . 
In o rde r not to des t roy the sample , a second piece of the sample 
m a t e r i a l may be i r r ad i a t ed together with the spec imen and separa te ly 
dissolved» 
In some cases the total act ivi ty is de te rmined by burning the specimen 
in oxygen [26] . However , the method cannot be recommended a s the 
rarffi - g a s e s a r e not completely r e l ea sed . It is inefficient for the 
complete r e l e a s e of krypton and xenon [74, 153] , and meta l l i c u ran ium 
is not l ibe ra ted f rom i t s r a r e - g a s contents when t r ea ted in a i r at 
t e m p e r a t u r e s above i t s mel t ing point [75, 76]. 
3.3 Puri.fi rat i on of sweep gases and iner t a tmosphere. 
Iner t a tmosphe re in genera l and sweep gases in pa r t i cu la r have to be 
ve ry pure if co r ros ion of the specimen is to be avoided. Cor ros ion 
is accompanied by a r e l e a s e of r a r e - g a s e s , and may be mis taken for 
diffusion, a fact which i s recognized [7] and which neces s i t a t e s r i g o r -
ous purif icat ion [23,29] . Cor ros ion of the specimen a s a r esu l t of 
impure gases has been noted during exper iments for the study of 
diffusion of r a r e - g a s e s in meta l l i c u ran ium [16 ,46 ,47] , u ran ium 
dioxide [34] and u ran ium carbide [77]. The effect of oxidation on the 
gas r e l e a s e f rom uran ium and u ran ium dioxide has a lso been reported 
[74 -76, 78, 79] . A number of methods a r e used to purify r a r e - g a s e s 
[80-84, 86], Metal l ic u ran ium is known to be a good ge t te r for oxygen 
and ni t rogen [80, 81] and has been used for the purif icat ion of sweep 
gases [16, 17] . Calcium has been frequently used [23, 55, 56, 80, 82, 
83] a s well as copper [15, 25, 29, 30, 80, 84, 85], t i tanium [80, 82, 83] , 
z i rconium [15, 29, 80] , magnes ium [83], molecu la r sieve [30], and 
act ivated charcoa l [38, 55] at the t e m p e r a t u r e s of liquid a i r . In o rde r 
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to remove the las t t r a c e s of oxygen, hydrogen may be added, c a t a -
lyzing the react ion between the oxygen and hydrogen p resen t [23, 86] . 
T r a c e s of gas may be adsorbed at the walls of the appara tus and 
re l eased when the sys tem is heated. In o rde r to el iminate co r ros ion 
a s far a s poss ible it i s advisable to place the sample in a cold pa r t 
of the closed sys tem, where it i s kept during an init ial degass ing 
heating per iod. It is then t r a n s f e r r e d to the hot zone with a suitable 
device , i. e. magnet ical ly opera ted [29], with winch and chain [38], 
or simply by dropping the specimen [42], cf. F igu re 12. 
3. 4 Purif icat ion of r e l ea sed fission gases 
The gases re leased from an i r r ad ia t ed specimen at t e m p e r a t u r e s of 
about 1000 C in mos t cases consis t exclusively of krypton and xenon. 
At higher t e m p e r a t u r e s a number of other e lements a r e vapor ized 
which makes the m e a s u r e m e n t of the r a r e - g a s e s m o r e difficult. The 
main contaminating species is iodine but a whole range of isotopes 
may be r e l eased at very high t e m p e r a t u r e s [87-89] . 
A simple fi l ter [ 1 6 , 2 3 , 7 5 , 89] may be used for the condensation and 
trapping of radioact ive species other than the r a r e - g a s e s , while a 
'charged wi re technique is p r e f e r r e d by other inves t iga tors [ 2 6 , 6 1 , 
90, 91] . The removal of iodine from gas s t r e a m s has been thoroughly 
studied [92] , and a number of t rapping m a t e r i a l s have been inves t i -
gated, such a s act ivated charcoal [75, 93-99] , Linde Molecular Sieve 
Mater ia l [94, 97] , s i lvered copper [95, 97, 98] , copper [25, 26, 30, 95 
98], s i lver [4 ,29 ,31] , sodium thiosulphate [97] , po tass ium iodine 
[99] , and po tass ium hydroxide [37, 75; 76, 91 , 93] . Many of the cited 
m a t e r i a l s have to opera te at elevated t e m p e r a t u r e s . However , the 
mos t efficient of all s eems to be act ivated charcoal [95 ,97 ,98] which 
can opera te at room t e m p e r a t u r e . 
3 . 5 Pumps _ 
F o r the c i rcula t ion of radioact ive gases through f i l te rs and counting 
chamber s , a leak proof pump is needed. Few pumps fulfil th is 
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r equ i rement , and al l pumps based on rubber or p las t ic tubing 
[100, 101] and d iaphragms mus t be d i sca rded a s a i r eas i ly leaks 
through the tube walls [102] . 
3. 5. 1 Mercu ry d isp lacement pumps 
Displacement pumps using m e r c u r y a r e re l i ab le and a r e ve ry suitable 
for c i rcula t ion if m e r c u r y vapors can be to le ra ted in the sys tem. The 
Toepler pump is widely used and can be made to work automat ical ly 
[203 - 205] The pumping however is d iscont inuous . 
A m e r c u r y d isp lacement pump designed to give a constant r a t e of flow 
is desc r ibed by Shapiro and Landesman [106]. 
3 .5 .2 Magnetically opera ted pumps 
A magnet ical ly opera ted pump cons is t s of an accura te ly fitting b a r r e l 
• 
and piston coupled to a pai r of va lves . The piston has a core of soft 
i ron and is moving in an e lec t romagnet ic field. The pump is completely 
sealed and the re fo re leak proof. It pe r fo rmes well a lso at p r e s s u r e s 
a s low as 300 t o r r [107-1HD, 149] . 
3 . 5 . 3 Bellows pumps 
A meta l l i c bellow coupled to a pai r of valves may be used as a pump 
[111] . A cheap and efficient pump of this type is avai lable c o m m e r c i a l -
ly [112] . 
3 . 5 . 4 Bl o wer s 
Fans have been used to c i rcu la te g a s e s . However, the fan must not be 
connected to a motor by a shaft pass ing through a seal , as such sea l s 
tend to leak. A completely bui l t - in blower is desc r ibed by F o r e s t i [113]. 
3. 6 Material s 
Many au thors have repor ted the cor ros ion of a specimen during heat 
t r ea tmen t [46 ,47 , 77] due to the pick up of t r a c e impur i t i e s from the 
surrounding a t m o s p h e r e , and the. effect on the de terminat ion of diffusion 
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coefficients has been pointed out by Gray [7] in the case of meta l l i c 
u ran ium. The mounting of the spec imens is a lso of g rea t impor tance , 
as well as the behaviour of m a t e r i a l s p re sen t during the heat t r ea tmen t . 
The ex t reme difficulties to be overcome when heating meta l l i c u ran ium 
a r e well known, as uran ium is an effective get ter and readi ly r e a c t s 
with a i r in t r a c e amounts . The mounting of u ran ium does not seem to 
be a p roblem, a s re la t ively modera t e t e m p e r a t u r e s a r e used [114, 115]. 
Quar tz glass has often been used in connection with heat t r ea tmen t of 
meta l l i c u ran ium, which however leads to co r ros ion at t e m p e r a t u r e s 
above 8oo C [116], Quar tz i s slightly pe rmeab le for gases a l r eady at 
7oo C [45, 151] and special p recau t ions mus t be taken to inhibit p e r m e -
ation at higher t e m p e r a t u r e s . F u r t h e r m o r e , the quar tz mus t be baked 
in high vacuum in o rde r to remove not only adsorbed gases but a lso 
gases which seem to be solved in the g lass [117, 1.18]. The compat i -
bility of uran ium dioxide at t e m p e r a t u r e s above 2ooo C with va r ious 
m a t e r i a l s has been repor ted [119, 120] .Tantalum, tungsten, molybde-
num and rhenium seem to be suitable m a t e r i a l s in combination with 
u ran ium dioxide. 
The uran ium carbides a r e m o r e reac t ive than uran ium dioxide and 
caution mus t be taken when mounting a specimen for high t e m p e r a t u r e 
t r ea tmen t . Tungsten, tanta lum, zirconium carbide and niobium carbide 
seem to be suitable mounting mater ia ls» Thoria and pure z i rconia seem 
to be iner t against u ran ium carbide to at l eas t 2ooo C [121-126]. 
Uranium carbide r e a c t s with plat inum [30] and i r id ium [127]. 
Details regarding high t e m p e r a t u r e me ta l s and oxides can be found 
in handbooks as, well as r e p o r t s [128-136]. 
3.7 F u r n a c e s 
The l i t e r a t u r e contains many furnace designs which a r e quite sui table 
for heating a radioact ive specimen in vacuum or in a controlled a t m o s -
o 
phere above 15oo C, and the r e fe rences given below may be useful. 
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3. 7. 1 Res i s t ance furnaces 
Wire-wound furnaces a r e seldom capable of reaching t e m p e r a t u r e s 
above 1500 C. However , with rhodium wi re 1800 C may be reached 
[29]. The meta l l i c r e s i s t o r furnaces can be brought to t e m p e r a t u r e s 
in the neighbourhood of 3000 C and a r e suitable for work in vacuum 
or ine r t a t m o s p h e r e . They consis t of a tube or a coil made of molybde-
num, tantalum or tungsten which is d i rec t ly heated with a high cu r ren t 
(low voltage) power supply [119, 130, 137-144]. 
Graphite r e s i s t o r s have also been used for many y e a r s [145]. 
Adsorbed gases a r e however difficult to r emove from graphi te , and 
gaseous products may a l so contaminate the furnace a tmosphe re and 
react with the specimen. 
3. 7. 2 Induction heated furnaces 
In induction heating a c u r r e n t - c a r r y i n g conductor ope ra t e s at high 
frequency and induces an eddy cu r ren t in a susceptor made from 
graphi te , i r id ium, tanta lum, molybdenum, or tungsten. The susceptor 
may be heated very rapidly , in a couple of minutes the t e m p e r a t u r e 
reaches 1500 C. Tempi 
[38, 120, 130, 146-148]. 
e r a t u r e s of about 2400 C may be achieved 
- 20 -
References 
[1] Z imen ,K. E. Diffusion von Edelgasa tomen, die durch Kernreak­
tionen in festen Stoffen gebildet werden (Edelgas ­
diffusion in F e s t k ö r p e r n 1). 
T r a n s . Cha lmers Univ. Techno l . , Gothenburg» 
Nr . 175 (1956) 6 p . 
Ζ 026­56 *) 
[2] Inthoff, W. , 
Zimen, Κ. E. 
Kinetik de r Diffusion radioakt iver Edelgase aus 
festen Stoffen nach Best rahlung (Edelgasdiffu­
sion in F e s t k ö r p e r n 2). 
T r a n s . Cha lmer s Univ. Technol . , Gothenburg, 
Nr . 196 (1956) 16 p . (AEC­tr ­3289) 
I 009­56 
[3] Zimen, Κ. E. 
Dahl, L. 
Die Diffusion von Spaltungs­Xenon aus U r a n ­
me ta l l . 
Ζ. Natur forsch . 12a (1957) 167­9 
Ζ 026­57 
[4] Fel ix , F . Die Diffusion von Spaltungs­Xenon in Uranoxyd. 
Nukleonik 1 (1958) 66­7 . 
F 117­58 
[5] Zimen, Κ. E. Tabel len für die Auswertung von Messungen der 
Diffusion radioakt iver Edelgase aus festen 
Stoffen nach Bes t rah lung . 
(Edelgasdiffusion in F e s t k ö r p e r n 5) 
HMI­B 16, Mai 1961, 36 p . 
Ζ 026­61 
[6] Gaus, Η. Zur Berechnung der Diffusion von radioakt iven 
Gasen. I. 
to be published in: Ζ. Natur forsch . 1961 
G 781­61 
[7] Gray, D. L. Re lease of iner t gases from i r r ad i a t ed U. 
(A review of the l i t e r a t u r e . ) 
HW­62639, i960 , 21 p. 
G 340­60 
Regis t ra t ion number for in te rna l u se at the 
Hahn­Mei tner ­ Ins t i tu te . 
- 21 -
[8] Zimen, K. E . Untersuchungen über das t h e r m i s c h e Verhal ten 
der Erda lka l ikarbona te nach d e r Eman ie r methode . 
I. Monotrone Umwandlung des Ca lc iumcarbona t s . 
Z . p h y s . Chem. Β 37 (1937) 231­40 
Ζ 026­37 
[9] Zimen, Κ. E . Eine vol lautomat ische E m a n i e r a p p a r a t u r . 
Z . p h y s . Chem. A 186 (1940) 94­104 
Ζ 026­40 
[10] Zimen, Κ. E . Oberf lächenbest immung und Dif fus ionsmessun­
gen mi t t e l s rad ioakt iver Ede lgase . 
(P rax i s und quanti tat ive Anwendungen de r 
Emanie rmethode) . 
I. Die p rak t i sche Durchführung der Messungen. 
Z . p h y s . Chem. A 191 (1942) 1­53 
Ζ 026­42 
[11] Gregory , J. Ν. The m e a s u r e m e n t of emanating power using 
thoron gas in a continuous flow sys tem. 
A E R E ­ C / R ­ 4 6 0 , 1950, 28 p . 
G 784­50 
[12] Gregory , J. N. , A mathemat ica l ana lys i s of the continuous flow 
Howlett , J. sys t em for m e a s u r e m e n t of thoron emanating 
power . 
AERE ­ C/R ­ 490, 1950, 25 p. 
G 784­50a 
[13] Bevan, D. J. M. A new exper imenta l factor l imit ing the quantitative 
application of emanating power m e a s u r e m e n t s to 
the study of diffusion p r o b l e m s . 
AERE ­ C/R ­ 988, 1952, 19 p . 
Β 999­52 
[14] Skladzien, S. Β. A study of the emanation method for the d e t e r m i ­
nation of the surface a r e a of ThQ 
ANL­6335, 1961, 31 p . 
S 901­61 
2' 
[15] Markowitz, J. 
Koch, R. C. , 
Roll , J . A. 
M. 
Release of f ission gases f rom i r r ad i a t ed u ran ium 
oxide. 
P a r t I: Appara tus for the m e a s u r e m e n t of fission 
gas r e l e a s e from fuel m a t e r i a l s during pile 
i r r ad ia t ion . 
WAPD­180, 1957, 29 p. 
M 122­57 
- 22 -
[16] Stubbs, F . J . , 
Walton, G. N. 
Emiss ion of act ive r a r e - g a s e s from f iss i le 
m a t e r i a l during i r r ad ia t ion with slow neut rons , 
1. Exper imenta l technique and identification 
of g a s e s . 
A / C O N F . 8 /P /435 /1955 
S 352-55 
[17] Stubbs, F . J . , 
Russe l , P . J . , 
Walton, G. Ν. 
The r e l e a s e of f ission product gases from a thin 
film of U O during i r r ad ia t ion in the DIDO 3 8 r e a c t o r . 
A E R E - R - 2 9 8 3 , 1959, 35 p . 
S 352-59a 
[18] Stubbs, F . J . , The r e l e a s e of fission product r a r e - g a s f rom an 
Webster , C. B. u r a n i u m - z i r c o n i u m alloy during i r r ad ia t ion in 
the ΒΕΡΟ r e a c t o r . 
A E R E - C / M - 3 7 2 , 1959, 13 p. 
S 352-59 
[19] Stubbs, F . J . 
Walton, G. Ν. 
Silver , P . J. 
The emiss ion of act ive r a r e - g a s e s f rom u r a n i u m / 
bismuth sys tems during neutron i r r ad i a t i on . 
A E R E - C / M - 2 8 8 , 1956, 13 p . ( L M F P / P - 7 ) 
S 352-56 
[20] Stubbs, F . J . , The emiss ion of act ive r a r e - g a s e s f rom potential 
Walton, G. Ν. , fuel e lement m a t e r i a l s during neutron i r r ad ia t ion 
Si lver , P . J. in ΒΕΡΟ. 
A E R E - C / R - 2 1 7 6 , 1.957, 17 p. (R C T C / Ρ 86) 
. S 352-57 
[21] Stubbs, F . J. , The r e l e a s e of f ission product r a r e - g a s e s f rom 
Si lver , P . J . , some c e r a m i c m a t e r i a l s . 
Webster , C . B . A E R E - C / M - 3 4 3 , 1958 -Official u se only-
S 352-58 
[22] Stubbs, F . J. Exper imenta l equipment used in the m e a s u r e m e n t 
of f ission product gas emiss ion f rom f iss i le 
m a t e r i a l during i r r ad ia t ion in the r e a c t o r s ΒΕΡΟ 
and DIDO. 
Symp. Oil the Design of Exper imenta l Equipment 
for Use in Nuc lea r R e s e a r c h , Harwel l , 
Apri l 11-14, 1961 
S 352-61 
[23] Ca r ro l , R. M. , Exper iment on continuous r e l e a s e of f ission gas 
Baumann, C D . during i r r ad ia t ion . 
In te r im Report 
ORNL-3050, 1961, 28 p. 
C 111-61 
- 23 -
[24] Townley, C.W. 
et a l . 
Measur ing the r e l e a s e of shor t - l ived fission-
gases during capsule i r r ad i a t i on . 
BMI-1466, I960, 12 p . 
Τ 130-60 
[25] Gardne r , D. S. , 
Simpson, o. c. 
Diffusion of radioact ive Xe from BeO-UO, 
m a t e r i a l s . 
F r o m ANL, Chem. Div. , Section C - l l 
Summary Repor t 
ANL-4185, 1948 
G 447-48 
[26] Cubi c ciot t i , D. The diffusion of xenon f rom u r a n i u m / c a r b i d e 
impregnated graphi te at high t e m p e r a t u r e s . 
NAA-SR-194, 1952 
C 558-52 
[27] Ba te s , J . C , 
Clark , A. C. 
The diffusion of xenon in u ran ium. 
R &DB(W)-TN-200, 1955, Deci . Repr in t 1958, 
9 p . (FRDC/P-108) 
Β 002-58 
[28] Rosenberg , H. S. 
et a l . 
Appara tus for the study of f i s s ion-gas r e l e a s e 
f rom neut ron-ac t iva ted fueled graphi te . 
BMI-1444, June I960, 10 p . 
R 348-60 
[29] B a r n e s , R. Η. , 
Sunderman, D. N. 
Appara tus for the study of f iss ion gas r e l e a s e 
from fuels during pos t i r r ad ia t ion heat ing at 
t e m p e r a t u r e s up to 1600°C. 
BMI-1453, I960, 15 p . 
Β 331-60 
[30] B e r r y , J . - L . , 
D a r r a s , R. 
[31] Lindner , R. , 
Matzke, Hj . 
[32] 
[33] Reynolds , M. B. 
P e r s o n a l communicat ion, 1961 
Diffusion von Xe-133 in Uranoxyden v e r s c h i e ­
denen Sauer stoff gehalte s. 
Ζ. Natur forsch , 14a (1959) 582-4 
L 123-59 
HMI - EURATOM - PROGRAM 
Quar t e r ly r epo r t 
EU-B2 , I960 
The diffusion of f ission krypton f rom meta l l ic 
u ran ium . 
Nuclear Sci . and Eng. 1 (1956) 374-82 a lso 
KAPL-P-1631 
R 573-56 
[34] Fe l ix , F . 
- 24 -
unpublished, i960 
[35] Riley, W. C. , Re lease of f ission products f rom fueled 
Sunderman, D. Ν. , g raphi te . 
Dunnington , B. W. F r o m "Nuclear Meta l lurgy" Vol. VI, AIME, 
( B M I ) IMD Meeting, Chicago, 1959, p . 87-94 
R 126-59 
[36] Stubbs, F . J . A review of work on the emiss ion of f ission 
product g a s e s . 
Lec tu re given at the Hahn-Mei tner - Ins t i tu t , 
Ber l in , on 22nd November , I960 
S 3.52-60 
[37] Booth, Α. H . , 
Rymer , G. T. Determinat ion of the diffusion constant of 
f ission xenon in UO c rys t a l s and s in tered 
compac t s . 
CRDC-720, (AECL-692) ,1958, 30 p . 
B 224-58 
[38] Scott, J . L. Analysis of ORNL data on the r e l e a s e of 
f ission gases from UO . 
O R N L - C F - 6 0 - 8 - 1 5 
Reference in ORNL-3015, p . 26 
s . a l so ORNL-2888, I960, p . 68-72 
and ORNL-2988, I960, p . 213-20 
S 350-60 
[39] Smith, J . F . 
et a l . 
Gas cooled c e r a m i c b r e e d e r r e a c t o r . 
C F - 5 4 - 8 - 2 3 5 , 1954 
[40] Zimen, Κ. Ε. , 
Schmeling, P . E. 
Diffusion von Edelgas-Spal tprodukten in Uran . 
Ζ. E lek t rochem. 58 (1954) 599-601 
in Engl isch: A E R E / L i b / T r a n s 584 
Ζ 026-54 
[41] Auskern , Α. Β. The diffusion of krypton-85 from uran ium 
dioxide powder . 
WAPD-TM-185, i960 , 10 p . 
A 223-60 
[42] 
[43] Stevens, W. Η. , 
MacEwan, J. R. , 
Ros s , A. M. 
HMI - EURATOM - PROGRAM 
Quar t e r ly r epo r t 
EU-B5 , 1961 
The diffusion of f ission xenon in u ran ium 
dioxide. 
F r o m TID-7610: 
F i r s t Conf. on Nuclear Reactor Chemis t ry , 
Gatl inburg, Tenn . , Oct. 12 -14, i 960 , p . 7-22 
S 681-60 
- 25 
[44] Koch, R. C. , 
Eck, J . E . , 
S u s k o . F . S . 
The Bett is f iss ion gas a p p a r a t u s . 
WAPD-T-437 , 1956 
a l so in: Nuclear Sci . Congr. Vol. 3, 
Fifth Hot L a b o r a t o r i e s and Equipment Conf. , 
1957, P e r g a m o n P r e s s 
Κ 011-56 
[45] Norton, F . J . Hel ium diffusion through g l a s s . 
J . A m . C e r a m . Soc. 36 (1953) No 3, p . 90-6 
Ν 014-53 
[46] Cur t i s , G. C , 
B a r n e s , R. S. 
et a l . 
E m i s s i o n of r a r e gases f rom i r r a d i a t e d 
u ran ium. 
a) E m i s s i o n an heat ing after i r r a d i a t i o n . 
"Swelling and ine r t gas diffusion in i r r a d i a t e d 
u r a n i u m " , A/CONF. l 5 / P / 8 l / l 9 5 8 . 
C 447-58 
[47] Walker , J . F . The escape of krypton from i r r a d i a t e d 
u ran ium on heat ing. 
IGR-TN/W-1046 , 1959, 16 p . 
W 467-59 
[48] P l a i l , O . S . I r r ad ia t ion techniques for f i ss i le m a t e r i a l s . 
1 to 6 
Nuclear Power , Dec . i960 (Vol. 5)-June 1961 
(Vol. 6) 
Ρ 347-60 bzw. Ρ 347-61 
[49] P r i c e , R . B . 
et a l . 
I r r ad i a t i on -capsu l e study of u ran ium mono-
ca rb ide . 
BMI-1425, I960 
Ρ 681-60 
[50] H a r e , A. W. , 
Rough, F . A. 
I r r ad ia t ion effects on m a s s i v e u ran ium 
monocarb ide . 
BMI-1452, I960, 28 p . 
Η 561-60 
[51] Gas cooled r e a c t o r pro jec t p r o g r e s s r e p o r t s . 
ORNL-2676, 1958 
ORNL-2767, 1959 
ORNL-2835, 1959 
ORNL-2888, i960 
ORNL-2929, i960 
ORNL-29 65, i960 
ORNL-3015, i960 
ORNL-3049, 1961 
ORNL-3102, 1961 
ORNL-3166, 1961 
- 26 -
[52] H a r e , A . W . , 
Rough, F . Α. 
The effect of h igh­burn up i r r ad ia t ion on 
m a s s i v e u ran ium monocarb ide . 
BMI­1491, 1961, 27 p . 
Η 561­61 
[53] Morgan, J . G . , 
Morgan, Μ. Τ. , 
Osborne , M. F . 
[54] J anes , M. 
F i s s ion gas r e l e a s e f rom UO_. 
In t e r im Report No. 1 
C F ­ 6 0 ­ 7 ­ 1 1 , I960, 14 p . 
M 343­60 
Graph i t e ­ma t r ix nuclear fuel e lement develop­
ment at the National Carbon Comp. 
F r o m TID­7603, I960, p . 72 
J 341­60 
[55] Booth, A. H. 
et a l . 
[56] Morgan, W. W. , 
Jones , R. W. , 
Olmstead , W. J. 
Collection and m e a s u r e m e n t of s table f ission 
Xe in sheath puncture expe r imen t s . 
Method and r e s u l t s to da te . 
AECL­545 , (CRDC­719), 1957 
Β 224­57a 
­The de termina t ion of f iss ion product xenon 
r e l ea sed by UO in fuel e l emen t s . 
AECL­1100, CRDC­969, i960 
M 121­60 
[57] Rober t son , J . A. L. »Irradiat ion behavior of UO„ fuel e l emen t s . 
Bain, A. S. , (Atomic Energy of Canada Ltd. , 
Chalk River , Ontario) 
F r o m "Nuclear Metal lurgy" Vol. VI, AIME, IMD 
Meeting, Chicago, 1959, p . 45­70 
R 237­59 
All ison, G. Μ. , 
S tevens , W. H. 
[58] Slosek, T . J . , 
Weidenbaum, Β. 
[59] Momyer J r . F . F . 
[60] Reynolds, Μ. Β. 
[61] Lindner , R . , 
Matzke ,Hj . 
F i s s ion g a s e s , thei r m e a s u r e m e n t and 
evaluation. 
GEAP­3440 (Rev), i960, 17 p . 
S 568­60 
The rad iochemis t ry of the r a r e ­ g a s e s . 
NAS­NS­3025, i960 
M 009­60 
Techniques for counting radiokrypton. 
Nucleonics 13 (1955) No. 5, 54,56 
R 573­55 
Diffusion von Radon in Oxyden nach Rück­
stoßind i zie rung. 
Ζ. Naturforsch, l 5 a , (i960) 1082­6 
L 123­60a 
- 27 -
[62] A d a m s , R. E . , 
Browning, W. E. 
F i s s i on gas hold­up t e s t s on HTR 
charcoal beds . 
ORNL­58­4­14 , 1958 
A 110­58 
[63] A d a m s , R. E . , 
Browning, W. E. 
Evaluation of f ission gas adsorpt ion t r a p s 
for ORNL­MTR­44 loop exper iment . 
O R N L ­ 5 8 ­ 7 ­ 7 1 , 1958 
A 110­58b 
[64] A d a m s , R. Ε . , Containment of radioact ive f ission g a s e s 
Browning J r . W. E. by dynamic adsorpt ion . 
Ackley, R. D. Ind. Eng. Chem. 51 (1959) 1467­70 
A 110­59 
[65] Browning J r . W. E. Removal of f ission product gases f rom 
et a l . r eac t ion off­ga s s t r e a m s by adsorp t ion . 
ORNL C F ­ 5 9 ­ 6 ­ 4 7 , 1959 
Β 335­59 
[66] Ackley, R. D. , Equi l ibr ium adsorpt ion of krypton and .xenon 
Browning J r . W.. E. on act ivated carbon and Linde molecu la r 
si 'evea. 
C F ­ 6 1 ­ 2 ­ 3 2 , 1961 
A 554­61 
Adsorpt ion of xenon and argon on graphi te . 
ORNL­2955, I960, 25 p . 
C 666­60 
Adsorp t ionsversuche mi t schweren Edelgasen . 
Z . p h y s . Chem. A 149 (1950) 1­26 
u. AEC­ t r ­2470 
Ρ 458­50 
Konstrukt ionszeichnungen zu einigen Meßan­
ordnungen mit GM­Zäh l rohren . 
HMI In te rner Ber icht , 15. 5. 61 
A compar i son of methods of de termining burn · 
up on u ran ium dioxide fuel t es t spec imens . 
AECL­1176 (CRDC­100), 1961 
see a lso TID­7610, I960, p . 86 
Η 117­61 
Les gaz de fission dans les combust ibles 
n u c l é a i r e s . 
Ind. a tom. No. 3­4 (1961) 1 
D 111­61 
[67] Cannon, M. C. 
et a l . 
[68] P e t e r s , Κ . , 
Weil, Κ. 
[69] Fe l ix , F . 
[70] Har t , R. G. , 
Lounsbury ,Μ. , 
McKay C D . 
[71] D a r r a s , R. , 
B e r r y , J . ­ L . 
- 28 -
[72] Morgan, W.W. 
et a l . 
A p re l im ina ry r epor t on radia l d is t r ibut ion 
of f ission product xenon and ces ium in UO_ 
fuel e l ements . 
AECL­1249 (CRDC­1027), 1961 
M 121­61 
[73] 
[74] Guon, J. , 
Rosen, F . D. 
[75] H i l l i a r d . R . K . 
HMI ­ EURATOM ­ PROGRAM 
Quar t e r ly r epor t EU­B3 , 1961 
Gaseous chemical t r ea tmen t of i r r ad i a t ed 
u ran ium oxide. 
NAA­SR­4612, i960, 18 p. 
F i s s ion product r e l e a s e f rom uran ium 
heated in a i r , 
HW­60689, 1959 
[76] H i l l i a r d . R . K . F i s s ion product r e l e a s e from heated U. 
HW­SA­1836, I960 
[77] Lindner , R. , 
Matzke, Hj . 
Diffusion radioakt iver Edelgase in Uran­
oxyden und Uranmonokarbid . 
Ζ. Natur forsch . 14a (1959) 1074 
L 123­59a 
[78] Shaw.D. , 
Hindmarch , P . 
[79] H i l l i a r d . R . K . 
[80] G ibbs ,D .S . , 
Svec, H. J . , 
Har r ing ton , R. E. 
The oxidation of U in ar<7on containing 
t r a c e s of O . 
IGR­TN­W­517, 1957 
Oxidation of u ran ium in a i r at high t e m p e r a ­
t u r e s , 
HW­58022, 1958, 31 p . 
Pur i f icat ion of the r a r e ­ g a s e s I. A compar i son 
of act ive me ta l s in the purif ication of r a r e ­
g a s e s . 
ISC­560, 1954 
G 003­54 
[81J Newton, A. S. The purif ication of some labora tory g a s e s . 
MDDC­724, 1947 
Ν 346­47 
[82] Mallett , M.W. Pur i f icat ion of argon, 
Ind. Eng. Chem, 42 (1950)2095­6 
M 235­50 
[83] B r a u e r , G. 
(ed.) 
Handbuch der p räpara t iven anorganischen 
Chemie. 
F . Enke Verlag 1954 
B 773­54 
- 29 -
[.84] Schütze, M. 
[85] Klemenc , Α. 
[86] Sagoschen, J . 
[87] Doyle, L . B . 
[88] Young, C. T. , 
Smith, C. Α. 
[89] Cowan, G. Α. 
Or th , C. J . 
[90] Raynor , S. 
[91] Lane , J. Α. 
et a l . 
Feinreinigung von Gasen mi t e inem hochaktiven 
Kupferkata lysa tor . 
(Bad. Ani l in­ u . Soda­Fabr ik AG, 
Ludwigshafen a m Rhein) . 
Angew. Chem. 70 (1958) 697­9 
S 900-58 
Die Behandlung und Reindars te l lung von Gasen. 
Wien: Sp r inge r ­Ver l ag 1948 K­785­4­8 
Sauer stoff­fr eie Gase . 
Angew. Chem. 72 (I960) 132­5 
S 011­60 
High t e m p e r a t u r e diffusion of individual f ission 
e lements from uran ium carbide impregnated 
graphi te . 
NAA­SR­255,1957, 42 p . 
D 115­53 
P r e l i m i n a r y exper iments on f ission product 
diffusion f rom u ran ium­ impregna ted graphi te 
in the range of 1800­2200°C. 
NAA­SR­232,1953, 27 p . 
Y 025­53 
Diffusion of f ission products at high t empera tu res 
from re f rac to ry m a t r i c e s . 
A / C O N F . 1 5 / P / 6 1 3 
C 780­58 
Gas­sweeping appara tus for l a rge scale co l ­
lect ion of f ission products on charged w i r e . 
Radiochemical Studies: The F i s s i on P r o d u c t s , 
p . 312, McGraw Hill 1951 
R 458­51 
A study of p rob lems assoc ia ted with r e l e a s e of 
f ission products f rom c e r a m i c fuels in gas 
cooled r e a c t o r s . 
ORNL­2851,1959, 76 p . 
L 567­59 
[92] Browning, J r . W. E. Removal of f ission product activi ty f rom gases . 
Nuclear Safety 1 (i960) No. 3, p . 40­6 
Β 335­60 
- 30 -
[93] P a r k e r , G. W. , 
Creek, G. E. 
Exper imen t s on the r e l e a s e of f ission products 
f rom molten r eac to r fuels . 
Reactor Safety Conference, New York City, 
October 31 , 1957 · 
TID-7549 (Pt . 2), Apr . 1958, p . 32-43 
a lso ORNL-57-6-87 
and ORNL-2616 
[94] Adams , R. Ε. , P roposed method for removal of radioiodine 
Browning J r . , W. E. vapor from exper iment off-gas sys tem of 
the ORR. 
ORNL-58-5-59 , 1958 
A 110-58a 
[95] Bancroft, A. R. , 
Watson, L. C. , 
Hewitt, R. 
[96] 
[97] Li t t le , A . D . 
(«d.) 
Tes t s on col lec tors to remove iodine f rom 
venti lat ion a i r . 
AECL-1131 (CRCE-981), i960 , 41 p . 
Β 998-60 
50 MWE prototype high temp, gas cooled r eac to r 
r e s e a r c h and development p r o g r a m . 
Summary r epo r t Jan . 1, 1959-Dec. 31 , 1959 
and Quar t . P r o g r . Rep. Oct. 1, 1959-Dec. 31 1959. 
GA-123 5,Sept. I960 
Halogen col lector tes t p r o g r a m . 
HW-65587, I960. 
L 453-60 
[98] Adams , R. Ε . , Removal of radioiodine from a i r s t r e a m s by 
Browning J r . W. ELactivated charcoa l . 
ORNL-2872, i960 , 14 p . 
A 110-60 
[99] Lopes Cardozo, R. , The removal of gaseous iodine from a i r with 
Dejonghe, P . pa r t i cu la r r e fe rence to r e a c t o r acc iden t s . 
Rapport C. E . N. - B i g 53 - R. 1945,1960 
L 564-60 
[100] Stang J r . , L . G. 
(ed.) 
P e r i s t a l t i c pump (ANL model 2). 
"Hot Labora to ry operat ion and Equipment" 
2nd Ed. 1958, p . 190-1 
S 122-58a 
[101] Glenn J r . > Ε. Ε. , Pos i t ive d isplacement pump for co r ros ive 
Hackemann, N. f luids. 
Rev. Sci. Ins t r . 21 (1950) 148-9 
G 114-50 
- 31 -
[102] Schmeling, P . 
[103] V r á t n y , F . , 
Graves , Β. 
Diffusion of argon and a i r through 
Polyvinylchloride and rubbe r . 
Acta Chem.Scand. 7 (1953) 1312 
S 019­53 
Modified U r r y Toep le r .pump. 
R e v . S c i . I n s t r . 30 (1959) 597 
V 355­59 
[104] Ur ry , G. , 
U r r y . W . H . 
Automatic Toepler pump of improved des ign. 
R e v . S c i . I n s t r . 27 (1.956) 819­20 
U 132­56 
[105] Hohnstedt , L. F . , A s imple e lec t r i ca l control for au tomat ic 
Ste indler , M. J. Toepler pumps . 
R e v . S c i . I n s t r . 25 (1954) 296­7 
H 560­54 
[106] Shapiro, I. , Constant f low­ra te c i rculat ing sys tem. 
Lande sman, H. R e v . S c i . I n s t r . 26 (1955) 652­4 
S 233­55 
[107] Corney, N. S. , A g lass enclosed gas c i rculat ing pump. 
Gow,H. B . F . , A E R E ­ C / M ­ 3 6 4 , 1959, F p . 
T h o m a s , R. B. C 222­59 
[108] Brunfedt, R. Y. , A magnet ica l ly actuated g lass pump for 
Holm, V. C. F . c i rculat ing g a s e s . 
J . Chem.Educ . 32 (1955) 528 
Β 328­55 
[109] Gasumlaufpumpe­
Pr iva t e communicat ion by the Inst i tut für 
Radiumforschung und Kernphysik der Oes t . 
Akademie der Wissenschaften, Wien IX, 
Bolzmanngasse 3 
[110] Bennett J r . , W. R. Glass c i rculat ion pump for obtaining noble 
gases of high pur i ty . 
R e v . S c i . I n s t r . 28 (1957) 1092 
Β 884­57 
[111] Stang J r . , L. G. 
(ed.) 
[112] 
Bellows pump. 
"Hot Labora to ry Operat ion and Equipment" 
2nd Ed. 1958, p . 188­9 
S 122­58 
PHYrWE Membr anpumpe. 
F i r m a PHYWE, Göttingen, Germany 
- 32 -
[113] F o r e s t i J r . , R. Gas c i rcu la to r for low p r e s s u r e g l a s s s y s t e m s . 
R e v . S c i . I n s t r . 30 (1959) 1067 
F 893­59 
[114] R o u g h , F . Α . , 
Baue r , Α. Α. 
[115] S c h r a m m , C.H. , 
Gordon, P . , 
Kaufmann, A. R. 
[116] Müller , Ν. 
Consti tution of u ran ium and tho r ium a l loys . 
BMI­1300, 1958 
The alloy sy s t ems U­W, U­Ta , and W ­ T a . 
T r a n s . Am. Ins t . Mining Met Eng. 188(1950) 195 
Untersuchungen über die Diffusion i n d e n 
Sys temen U r a n ­ Z i r k o n und Uran­Nicke l . 
Ζ . Metal lk. 50(1959)652 
M 898­59 
[117] Henglein, F . Α. 
[118] Bi l tz , W . , 
Mül ler , H. 
[119] Byer ley , J . J . 
Der t h e r m i s c h e Zerfal l des Ch lo r s . 
Z . a n o r g . a l l g . Chem. 123(1922)140 
Über Gasabgabe aus heißen Qua rzge rä t en . 
Z . a n o r g . a l l g . Chem. 163 (1927)297­301 
The compatibi l i ty of UO with the r e f r ac to ry 
me ta l s and r e f r ac to ry me ta l t he rmocoup les 
at t e m p e r a t u r e s above 1750°C. 
AECL­1126 (CRFD­971) I960 
Β 995­60 
[120] Gangler , J . J. , 
Sande r s , W. A. , 
D r e l l . I . L. 
UO compatibi l i ty with r e f r ac to ry m e t a l s , 
c a rb ides , b o r i d e s , n i t r i d e s , and oxides between 
3500°C and 5000°F. 
(Lewis R e s e a r c h Center , Cleveland, Ohio) 
NASA­TN­D­2 62, F e b r . I960 
G 225­60 
[121] Creagh, J . W. R. , NASA r e s e a r c h p r o g r a m on compatibi l i ty 
Dre l l , I. L. of u ran ium monocarb ide . 
" P r o g r e s s in carb ide fue ls" , TID­7589, i960 
C 889­60 
[122] Bowman, M. G. Bonding u ran ium carbide with tan ta lum. 
AECU­4303,1959 , 2 p . 
B 106­59 
[123] Summary r epo r t on m a t e r i a l s for the GCRE­II . 
IDO­28564, I960 
- 33 -
[124] Rough, Ε . Α . , 
Chubb, W. 
(eds . ) 
P r o g r e s s on the development of u ran ium 
carbide - t y p e fuels . 
BMI-1488, I960, 64 p . 
R 461-60 
[125] Creagh, J . W. R. NASA r e s e a r c h on UC and re f rac to ry c e r a m i c s . 
TID-7603, I960, p . 55 
C 889-60a 
[126] Wit teman, W. G. , Studies within the sys tem UC-UC at 
Le i tnake r , J . M. , _ . , „ . , , 
„ . , _. Los Alamos Scient. Lab. Bowman, M. G. mTT^ „ ,Λ„ < Λ , Λ TID-7603, I960, p . 48-51 
[127] HMI - EURATOM - PROGRAM 
Quar t e r ly r e po r t EU-B6, 1961 
[128] Darne l l , A. J . , High t e m p e r a t u r e reac t ions of thor ium and 
Mc Collum, W. A.' thor ia and the vapor p r e s s u r e of thor ia . 
NAA-SR-6498, 1961 
D 222-61 
[129] G e r d s , Α. F . , 
Smalley, A; K. 
High- tempe r a t u r e compatibili ty of Al Ο , 
BeO, and meta l -coa ted UO pa r t i c l e s with 
graphi te and coke. 
BMI.21479, I960 
[130] Campbel l , Ι. E. 
(ed . ) 
[131] Kingery , W.D. 
High t e m p e r a t u r e technology. 
John.Wiley & Sons, Inc. 1957 
Oxides for high t e m p e r a t u r e appl icat ions 
(MIT, Cambridge , Mass . ) 
P r o c . Int. Symp. on High Temp. Techn. 
October 6-9, 1959, p . 76-89 
McGraw Hill 
[132] Cernak, E . A . 
[133] Johnson, P . D . 
The oxidation of Cr, Hf, Mo, Nb, Ta, Ti , W, 
V, Zr , and some of thei r al loysj p rope r t i e s of 
some bor ides , ca rb ides , n i t r i des , and oxides 
of the same m e t a l s . 
CWLM-1802-5, P r a t t & Whitney Aircraf t · 
D i v . , Unit. Aircraf t Corp. , Dec. 15, 1959 
Behavior of re f rac tor oxides and m e t a l s , alone 
and in combination, in vacuo at high t e m p e r a ­
t u r e s . 
J . A m . Ce ram. Soc. 33 (1950) 168-71 
a l so : 
B e r . d e u t s c h - k e r a m - G e s . 31 (1954)81 
NSA 4-6127 
- 34 -
[134] J a e g e r , G. , 
K r a s e m a n n , R. 
Be i t räge zur Kenntnis des Verha l tens der 
S in te r tonerde gegen Kor ros ion . 
Werkstoffe u. Kor ros ion 3 (1952) 401­15 
Vaporizat ion of ZrO . [135] Nakata, Μ. Μ. , 
McKisson ,R . L . , NAA­SR­6095,1961 
Pol lock, B . D . 
[136] Ackermann , R. J . .Reac t i ons yielding volat i le oxides at high 
Thorn , R . J . t e m p e r a t u r e s ; f ree ene rg ie s of gaseous Al^O, 
Z rO , ThO, Z r 0 2 , TaO, T h 0 2 > T a 0 2 > 
UO . and W 0 3 ANL­5824, 1958 
[137] Cohen, J . , 
Eaton, W. 
[138] Walker , R. F . , 
Baue r , S. G. 
[139] N a d l e r , M . R . , 
Tunyan, 'J . E¿ , 
K e m p t e r , G. P . 
[140] Ehr l i ch , P . 
[141] Rendal i , J . H. 
[142] 
High t e m p e r a t u r e high vacuum r e s i s t a n c e 
furnace . 
Rev. Sci . I n s t r . 31 (I960) 522­5 
C 555­60 
Two r e s i s t a n c e ­ t y p e h o t ­ p r e s s i n g furnaces 
for l abo ra to ry u s e . 
Rev. Sci. I n s t r . 28 (1957) 563 
W 797-57 
A high t e m p e r a t u r e me ta l r e s i s t a n c e furnace 
for vacuum or p r e s s u r e opera t ion . 
LAMS­2393, I960 
Ν 568­60 
Über die b inä ren Sys teme des T i t ans . 
Ζ. anorg . Chem. 259 (1949) 4 
A high t e m p e r a t u r e s in ter ing furnace . 
J . Sci . Ins t . 29 (1952) 248­50 
Albe rman , Κ. Β. A smal l h i g h ­ t e m p e r a t u r e h igh­vacuum 
furnace . 
J . Sci . I n s t r . 27 (1950) 280­2 
A 443­50 
[143] Sowman, H. G. , 
Andrews , A. I. 
A quenching furnace for h igh ­ t empera tu re 
s tudies of smal l s p e c i m e n s . 
J . Am. C e r a m . Soc. 33 (1950) 365 
S 788­50 
[144] McRitchie , F . H . , Design of a h i g h ­ t e m p e r a t u r e r e s i s t a n c e 
Ault, Ν. N. furnace . 
J . Am. C e r a m . Soc. 33 (1950) 25 
M 120­49 
- 35 -
[145] Smith, C A . A smal l high t e m p e r a t u r e vacuum furnace 
for l abora to ry u s e . 
NAA­SR­109, 1951, 14 p . 
S 677­51 
[146] Gordon, I. A s imple h i g h ­ t e m p e r a t u r e induction furnace . 
C e r a m . Bull . 32 (1953) No. 6, p . 207­8 
[147] v. War tenberg , HJSchmelzpunktdiagramme höchst feuer fes te r 
(et a l . ) Oxyde. VII. 
Z . a n o r g . a l l g . Chem. 230 (1937) 257 
[148] Johnson, P . D. Induction furnace for h i g h ­ t e m p e r a t u r e 
cera imic r e s e a r c h . 
J . A m . Ce ram. Soc. 32 (1949) 316 
NSA 4 (50) 156 
[149] Rosen, F . D . Magnetic pumps for co r ros ive gases and 
liquid s. 
Rev. Sci. I n s t r . 24 (1953) 1061 
R 569­53 
[150] Kelly, R. The a t tachment of iner t gases to powders 
following (η,γ) events . 
Can. J . Chem. 39 (1961) 664 
Κ 007­61 
[151] D i e l s , K . , 
J aecke l , R. 
Leybold Vakuum­Taschenbuch. 
Spr inger Verlag 1958 
D 889­58 
[152] Bel le , J . 
(et a l . ) 
Diffusion kinet ics in u ran ium dioxide. 
F r o m "React ivi ty of Solids, P r o c . 4th In tern . 
Symp. on the Reactivi ty of Solids, A m s t e r d a m , 
May 30 ­ June 4, I960" . 
E l s ev i e r Pubi . C o m p . , 1961, p . 452 
B 113 ­ 61 
[Ì53] P a r k e r , G. W. , F i s s i o n product r e l e a s e f rom UO by high 
Creek , G. Ε . , t e m p e r a t u r e diffusion and melt ing in he l ium 
Mar t in , W. J . and a i r . 
CF­60 ­12 ­14 , 1961,52 p . (UC­25) 
Ρ 016­61 

Stack M 
a»— 
^ G 
S 
HMI-B19 
F i g . 1a 
Sweep gas method 
G.R. \ 
M 
C, P 
p 
*FG 
I 
S 
HMI-B19 
Fig. 1b 
Forced circulation method 
M S.D. 
HMI-B19 
Fig. 1c 
HMI-B19 
Fig. 1d 
Toepler pump mixing method 
O)) O' R 
Discontinuous sampling method 
G.R. 
P_ 
va 
gas reservoir C.P. circulation pump 
purifier for carrier gas M measuring device T.P. Toepler pump specimen in furnace _ _. , - , . .-. - , , S.D. sampling device purifier for released gas ° N-118/I/61 

The following figures 2 - 1*f are based on actual 
designs described in literature: 
Fi£· 2 Sweep gas apparatus for Hahn emanation studies 
Fig. 3 Sweep gas apparatus for in pile use 
Fig. k Sweep gas apparatus for post activation experiments 
(continuous measuring) 
Fig. 5 Sweep gas apparatus for post activation experiments 
(continuous measuring and sampling) 
Fig. 6 Continuous measurement with forced circulation 
Fig. 7 Experiment with delay trap for the determination 
of short-lived fission gases 
Fig. 8 Post activation experiment with sweep gas 
Fig. 9 Post activation experiment with sweep gas 
Fig. 10 PoTt activation experiment with closed circuit 
Fig« 11 Closed circuit experiment 
Fig. 12 Closed circuit experiment 
Fig. 13 Toepler pump arrangement 
Fig. 1*l· Continuous measurement by mixing with 
Toepler pump at atmospheric pressure 
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